DNA sequence analysis of a region contained within a large, interspersed repetitive family of mice reveals a long open reading frame. This sequence extends 978 base pairs between two stop codons, creating a reading frame that is open for 326 amino acids. The DNA sequence in this region is conserved between three distantly related Mus species, as well as between mouse and monkey, in a manner that is characteristic of regions undergoing selection for protein function.
Interspersed repetitive elements are ubiquitous in the DNA of higher eukaryotes. They are found in organisms as diverse as frogs (1) , sea urchins (2) , flies (3), birds (4), rodents (5) , and humans (6) ; nevertheless, the reason for their existence is not understood. Hypotheses concerning their contribution to the normal patterns of gene expression in differentiated cells range from a model in which they are seen as the main perpetrators of regulation (7, 8) to the extreme opposite view of them as neutral hitchhikers in the genome (9, 10) . Other hypotheses suggest they behave as transposable elements. As transposons, repetitive families may create new patterns of expression by providing new promoters or physically disrupting gene function following an insertion (11) , or they could provide a constant source of new material for evolution by keeping the genome in a constant state of flux through homologous recombination events (12) .
It has long been hoped that studies of the structure and organization of interspersed repetitive families would suggest possible functions for such sequences. Structural investigations have revealed two basic types of interspersed repetitive families, short and long (reviewed in ref. 13 ). Mem- bers of the short families tend to be <500 base pairs (bp) long and are represented upwards of 105 times in the genome. RNA copies of these elements are found in cells, and in vitro their cloned DNA is transcribed by RNA polymerase III. Prominent members of this class include the Alu family of primates and the Bi family of rodents (see ref. 14 for review). Less is known about the longer types of repetitive elements than the short because they have been studied in detail only recently. Members of these repeat families can be >5 kilobases (kb) in length and represented up to 105 times in the genome (reviewed in ref. 13 ).
In mice, one of the major families of long interspersed repeats is the LI family § (15) , which has also been called the BamHI or MIF-I family (16, 17) . LIMd family members range up to 7 kb in length (17) and are homologous to the primate LI family, previously called the Kpn I family (18, 19) , which has also been characterized in some detail (see ref. 13 and references therein). Transcripts from portions of these large repeats have been detected in both mice (11, 16, 20) and primates (19, (21) (22) (23) . There is some evidence that these sequences are associated with polyribosomes in mouse liver (16) , although they were not detected in polyribosomal preparations from human culture cells (21 codons, TGA and TAG; the longest distance between a posthe 500-bp (20) sible initiation codon and a terminator is 864 bp (Fig. 2) . In Bntainig (.The 3' examining the sequences that are immediately adjacent to BarnS (34) .Thes of these for the canonical sequences thought to be important in signaling precise and efficient transcription (36) determined for several copies of the repeat that were selected at random from the genomes of M. domesticus (BALB/c), M. caroli, and M. platythrix. The sequence of 10 clones containing the 500-bp BamHI fragment from each species was determined for 315 bp between the BamHI site and the terminator (see Fig. 1 for its position relative to the structure of the entire repeat). The consensus sequences derived for each of the three Mus species, domesticus, caroli, and platythrix, contain an open reading frame (Fig. 4) that corresponds to the one found in LJMd-4. In the 12 isolates from BALB/c (two from the globin region, plus 10 isolated from random locations in the genome), 11 Another aspect of these DNA sequence data from the three Mus species that is consistent with the URF being a protein-coding sequence is that the divergence at silent sites is much higher than the divergence at replacement sites. Table 1 lists the divergence at silent and replacement sites for each pairwise comparison of the 312-bp consensus sequence between M. domesticus, M. caroli, and M. platythrix. There are four times more potential replacement than silent substitutions in these sequences. If nucleotide substitutions were occurring at random, we would expect to find four times more substitutions at replacement sites than at silent sites. Instead, there are roughly equal numbers of substitutions occurring at silent and replacement sites. After correction for multiple hits (37) , the divergence at silent sites is about four times greater than the divergence at replacement sites. This suggests that the URF in this repeat family is evolving under selective constraints with respect to mutations causing amino acid replacements. This is a characteristic property of DNA sequences that encode proteins (37, 38) .
Recently, DNA sequences from portions of the monkey LI (Kpn I) family have been published (22, 39) . The available sequence includes a region that is homologous to the sequence from LJMd-4 and other published LJMd sequences (see ref The values for "possible sites" were determined by examining all three possible base substitutions at each position in the sequence and determining whether the altered codon represents a silent (S) or replacement (R) substitution. The tabulated values were obtained by averaging the number of changes in each category for the pairs of sequences and dividing by three because there are three substitutions possible at each site. The "observed substitutions" in each category were scored for each pair of sequences as in Brown et al. (37) . A crude "divergence" value is calculated as the ratio of observed substitutions to possible sites, expressed as a percent. "Corrected divergence" was determined by using the method of Brown et al. (37) to correct for multiple hits at a single site. The number of "ATY" codons found in these sequences is small; thus they were not treated as a separate category. Transitions were considered to account for 70% of the mutations. This number is based on the average number of transitions observed among these three sequences; therefore it may be an underestimate of the actual ratio of transitions to transversions.
frame in diverse species of mice, and (iii) the low rate of substitutions at replacement sites compared to silent sites in the Mus and monkey sequences. One possible mechanism for such exchange of genetic information is a specific elaboration of the master-slave concept (40) . We imagine a mechanism whereby the protein encoded by the URF provides a cis-acting function that facilitates genetic exchange. If the protein is a reverse transcriptase, for example, it could bind to its own messenger immediately after translation to initiate cDNA synthesis.
The cDNA could then either insert into the genome, as has been proposed for repeats belonging to the Alu family and for processed pseudogenes (12, 14, 41) , or act as the intermediate in a gene correction process. Another possible function for the protein would involve directing cDNA or mRNA back to the nucleus.
A model for the genetic exchange involving a cDNA intermediate is consistent with the known truncated structure of the repeat family because premature termination is a feature associated with reverse transcription. Individual family members apparently extend random distances in the 5' direction from a conserved, A-rich 3' end point (15, 17) . This particular model could explain how the repeat family can avoid being taken over by copies that have acquired termination codons or frameshifts, yet are still transcribed, because the exchange requires a functional protein product of the transcript. A large fraction (81%) of the random isolates contain the open reading frame in the 315-bp region sequenced. This would be predicted by a model in which the product of the URF is required in the genetic exchange process. This is basically a "selfish" model, in which the URF product is necessary to insure survival of the repeat.
Perhaps even more intriguing is the possibility that this repeat and its product are an intimate and required part of the cellular regulatory apparatus. The model proposed above does not preclude the possibility that the repeat exerts effects on the expression of nearby genes. For (23) . Thus, it seems likely that the LI repeat family is not merely junk DNA.
